The aim of this study is to describe epidemiology, clinical features, laboratory data and severity of respiratory syncytial virus (RSV) acute lower respiratory infection (ALRI) in Malaysian children and to determine risk factors associated with prolonged hospital stay, paediatric intensive care unit (PICU) admission and mortality. Methods: Retrospective data on demographics, clinical presentation, outcomes and laboratory findings of 450 children admitted into Tuanku Jaafar Hospital in Seremban, Malaysia from 2008 to 2013 with documented diagnosis of RSV ALRI were collected and analysed. Results: Most admissions were children below 2 years old (85.8%; 386/450). Commonest symptoms were fever (84.2%; 379/450), cough (97.8%; 440/450) and rhinorrhea (83.6%; 376/450). The median age among febrile patients (n = 379) was 9.0 months with interquartile range (IQR) of 4.0-19.0 months whereas the median age among those who were apyrexial (n = 71) was 2 months with IQR of 1-6 months (P-value <0.001). 15.3% (69/450) needed intensive care and 1.6% (7/450) died. Young age, history of prematurity, chronic comorbidity and thrombocytosis were significantly associated with prolonged hospital stay, PICU admission and mortality. Conclusions: Infants less than 6 months old with RSV ALRI tend to be afebrile at presentation. Younger age, history of prematurity, chronic comorbidity and thrombocytosis are predictors of severe RSV ALRI among Malaysian children. Case fatality rate for Malaysian children below 5 years of age with RSV ALRI in our centre is higher than what is seen in developed countries, suggesting that there is room for improvement.
were from Thailand and Indonesia but no studies from Malaysia was included. 3 Hence, the aim of this study is to describe epidemiology, clinical features, laboratory data and severity of RSV ALRI in Malaysian children and to determine risk factors associated with prolonged hospital stay, PICU admission and mortality.
Methods
ALRI was defined as presence of cough and cold, fast breathing with respiratory rate above age limit and/or chest in-drawing, danger signs, for example, not able to drink, persistent vomiting, convulsions, lethargy, unconsciousness, stridor in a calm child or severe malnutrition. Criteria for admission among children diagnosed with ALRI are oxygen saturation below 95%, inability to take orally, increased effort of breathing and presence of danger signs. Nasopharyngeal aspirates were usually taken from children admitted to our centre with diagnosis of ALRI. Tracheal secretions were obtained from those who were intubated. When a single child had multiple hospital admissions for ALRI within 2 weeks and/or more than one sampling, the earliest sample was selected for analysis. Cases with positive respiratory secretions for RSV detected by direct fluorescent antibody (DFA) method were identified from laboratory database between 2008 and 2013. The same DFA test also detects influenza A and B, adenovirus and parainfluenza 1, 2 and 3. During the 6-year period, 471 RSV ALRI patients admitted to Tuanku Jaafar Hospital, Seremban were included in our study population. RSV ALRI children with other respiratory viruses coinfection were also included in the analysis. Patients with negative RSV results were excluded. Molecular subtyping for RSV A and RSV B was not routinely done. This study was registered under National Medical Research Register and approved by the Medical Research and Ethics Committee of Malaysia. Clinical data were extracted from medical records using a structured and standardised questionnaire form. Information collected were demographic data (age, gender, race, date of specimen collection, dates of admission, discharge and death), presenting symptoms (fever, cough, rhinorrhea, tachypnea, apnea, poor feeding, conjunctivitis, diarrhoea, seizure, rash) and their duration, temperature on admission, type of comorbidity if present, asthma, birth history (prematurity, birth weight, gestational age and mode of delivery), immunisation history, laboratory findings on admission (coinfection with other pathogen, blood culture, white cell, lymphocyte and neutrophil counts, haemoglobin, platelet, serum urea, sodium, potassium and creatinine), oxygen and intravenous hydration (IVH) requirement and duration, antibiotic(s) treatment, usage of systemic corticosteroid and Montelukast, transfusion of any blood products (packed cells, fresh frozen plasma, cryoprecipitate or immunoglobulin), PICU admission and duration of PICU stay, invasive and non-invasive ventilation (NIV) and their duration, total length of hospital stay (LOHS), mortality and complication upon discharge.
The definition of prematurity is gestation at birth less than 37 completed weeks, leukopenia is leukocyte count <5 × 10 9 /L, leukocytosis is leukocyte count >15 × 10 9 /L, thrombocytopaenia is platelet count <150 × 10 9 /L, thrombocytosis is platelet count >400 × 10 9 /L, hyponatremia is serum sodium <135 mmol/L and hypokalemia is serum potassium <3. 16 .7% (75/450) had comorbidity; asthma (n = 30), congenital heart disease (n = 10), neurological disorder (n = 8), others (n = 7), multiple comorbidities (n = 20).
The median age among patients with fever (n = 379) was 9.0 months with IQR of 4.0-19.0 months whereas the median age among those who were apyrexial (n = 71) at presentation was 2 months with IQR of 1-6 months (P value <0.001). When considering possible correlation between age and duration of fever, there is positive significant correlation at the level of 0.01 (two-tailed) with ρ of 0.26 (P value <0.001). Likewise, the median age of patients (n = 11) presented with apnoea was 1 month (IQR: 0.6-2 months) while those without apnoea (n = 439) was 8 months (IQR: 3-17 months) with P-value <0.001. All those who presented with seizures reported to have fever but only one had underlying central nervous system disorder (spastic quadriplegic cerebral palsy with epilepsy) while four were not aged between 6 months to 6 years old (an age quantification for diagnosis of febrile seizure). This suggests that 2.0% (9/450) actually presented with febrile convulsion.
Laboratory, management and outcome data are presented in Table 1 . Blood cultures were done for 58.7% (264/450) of patients hospitalised for RSV ALRI, out of which, only 1.5% (4/264) were positive for pathogenic bacteria (Pseudomonas stutzeri, nontyphoidal Salmonella, Escherichia coli and Serratia marcescens) while 4.2% (11/264) had growth deemed to be contaminants. Of the four patients with bacteremia, only one had leukocytosis while the rest had normal white cell count. Among the seven patients (1.6%) with coinfection, three children were coinfected with influenza A virus and the remaining with influenza B virus, Bordetella pertussis, Chlamydia trachomatis and Streptococcus pneumoniae.
Of the 69 patients admitted to PICU, 44.9% (31/69) received tracheal intubation and mechanical ventilation while 66.7% (46/69) needed NIV for respiratory support. 24.6% (17/69) required both intubation and NIV. Three children who were admitted into PICU had bacteremia; one was community acquired (P. stutzeri) and two were hospital-associated infections (E. coli and S. marcescens). Among those who survived the disease, none developed any complication upon discharge.
Case fatality rate (CFR) was 1.6% (7/450); four were less than 1 year old (1.4%; 4/279) and CFR for children under 5 years old was 1.6% (7/438). Among those who died, two had Down syndrome, one of whom had atrioventricular septal defect and another had atrial septal defect and S. marcescens bacteremia. One patient was known to have posterior fossa astrocytoma with hydrocephalus. The fourth patient was a 2-month-old baby with E. coli sepsis. The fifth patient had concurrent pneumococcal pneumonia. The sixth patient was also diagnosed with diaphragmatic hernia. The last child who died within 3 days of admission did not have a known comorbidity but noted to have leukopenia and thrombocytopaenia on presentation. Tables 2-5 illustrate LOHS, PICU admission and mortality in association with age, clinical characteristics, laboratory findings and treatments. Multiple linear regression analysis for factors associated with LOHS after controlling for age, birthweight, presence of comorbidity, PICU admission, need for oxygen and IVH is presented in Table 6 .
Discussion
At the level of childhood pneumonia incidence globally, RSV is the most common pathogen, present in about 29% of all episodes. 4 In Malaysia, RSV is also estimated to cause the most number of all new ALRI episodes (28.8%) and severe ALRI episodes (29.3%), surpassing influenza, pneumococcus and Haemophilus influenzae type b among children below 4 years old. 4 To the authors' knowledge, this is most recent and largest case series on childhood RSV ALRI arising from Malaysia.
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The majority of the admissions were between September and January. The within-year seasonality pattern of our study is similar to an earlier study done in Malaysia. 8 In general, rainfall over the west coast of Peninsular Malaysia where Seremban is situated has two peaks, maximal in October to November and April to May. Risk factors associated with severe RSV ALRI are age below 6 months, history of prematurity, passive smoking, lack of breastfeeding, chronic pulmonary disease, congenital heart disease and coinfection with other respiratory viruses. Less well-studied epidemiological risk factors are low weight at admission, maternal smoking during pregnancy, atopic dermatitis, mechanical ventilation during the neonatal period, maternal atopy, maternal asthma during pregnancy, season of the year at birth, low socioeconomic level, Down syndrome, environmental pollution, living at an altitude >2500 m above sea level and Caesarian section delivery. [9] [10] [11] Our study has several findings consistent with what has been reported as risk factors associated with severe RSV ALRI and mortality, that is, history of prematurity and presence of chronic comorbidity. Although blood culture is the gold standard to diagnose bacteremia but it has its limitation especially in children with ALRI because of low rate of positivity, reported to be 1.4-7.0%. 12 Blood culture was done and antibiotics was started for more than half of all admissions for RSV ALRI but only 1.5% (4/264) were positive for pathogenic bacteria. The rate of concomitant bacteremia and urinary tract infection in children with RSV infection is 0.4-1.2 and 5.4-12%, respectively, while none had bacterial meningitis in the quoted studies. [13] [14] [15] [16] A screening approach to culturing for serious bacterial infections in febrile infants younger than 60-90 days old presenting with acute bronchiolitis or RSV infection has very low yield. 17 This underlines the importance of having facilities to rapidly determine the aetiology of ALRI and help clinicians to decide the need for antimicrobial therapy or performing blood cultures. One may notice in Table 6 the apparent shorter LOHS in association with positive blood culture, it is impossible to draw definite conclusion due to small number of positive blood cultures. However, the rate of concomitant bacterial pneumonia in RSV-infected infants who were mechanically ventilated was reported to range from 21.8 to 50%. 18 Although this may explain the significant association between PICU admission and antibiotics prescription in our study, managing physicians might also have started empirical antibiotic treatment while awaiting patients' RSV status in view of the severe ALRI manifestation.
There is insufficient evidence that antibiotics usage among children under 2 years old with bronchiolitis has an effect on outcomes such as mortality, PICU admission, readmission, LOHS, oxygen saturation, use of oxygen, bronchodilator, corticosteroid and nasogastric feeding, duration of symptoms, tube feeding, bronchodilator use and supplementary oxygen requirement. 19 In fact, the use of antibiotics and blood culture sampling are associated with longer hospital stay, possibly due to physicians' reluctance to stop intravenous antibiotics or discharge patients in anticipation of positive blood cultures for the first 48 h, repeat blood culture if there was growth in the prior blood culture set or tendency of clinicians to extend the duration of intravenous antibiotics among those children with leukocytosis. Although throat or nasal swab and nasopharyngeal aspirate bacterial culture and count may indicate secondary bacterial infection in RSV ALRI, this was not routinely done in our centre because it may reflect bacterial colonisation instead of true infection and this can lead to more unnecessary antibiotic prescription. The role of this method to detect secondary or concomitant bacterial infection in RSV ALRI patients admitted to PICU remains to be elucidated. Montelukast and systemic corticosteroid usage were common in our institution because some patients had persistent wheezing, precluding discharge although their benefits in RSV ALRI are questionable. 20, 21 Absence or shorter duration of fever and rhinorrhea and shorter duration of interrupted feeding were also statistically associated with longer stay in the hospital. This may be due to poor parental or caretakers' perception and wrong reporting of illness severity and symptoms causing in delayed recognition of and care seeking for severe RSV ALRI. Available evidence suggests that recognition of symptoms of severe childhood ALRI such as chest in-drawing and rapid breathing is low in third world countries. 22, 23 It is also not uncommon in developing countries to encounter caretakers who prefer self-treatment with over-the-counter prescriptions or traditional medicine first before considering hospital care, when their children develop ALRI albeit lack of data from Malaysia. 22 During the first months of life the innate and adaptive immune system is immature. This could explain the heightened susceptibility of newborns and infants to a variety of pathogens including RSV and increased RSV-mediated disease severity. 24 Pyrogenic cytokines such as interleukin (IL)-1, IL-6, tumour necrosis factor and interferon-α could be lacking in response to RSV infection in young infants, hence the absence of fever. 25, 26 Therefore, apyrexia and shorter duration of fever are both confounding factors in the significant association between longer hospital stay and PICU admission, and young age. This finding is in agreement with a study published by Zhang et al. 27 In a systematic review on global burden of RSV ALRI in young children, 3 what is observed in developing countries and industrialised nations, denoting our middle-income status. Thrombocytosis is significantly associated with extended duration of hospital stay (but not after multiple linear regression analysis) and PICU admission. Laboratory data that may predict mortality are bacteremia, leukocytosis, leukopenia, thrombocytopaenia, anaemia and low serum sodium but conclusion cannot be drawn due to small number of fatality. The presence of low serum sodium among the most ill children with severe RSV ALRI who eventually died could be due to syndrome of inappropriate antidiuretic hormone secretion. 21 This supports the growing evidence that hypotonic solutions should not be used among hospitalised children particularly those who are critically ill. 28 There are several limitations in our study. This is a retrospective case series. Data on socio-economic status, maternal smoking during pregnancy, exposure to passive smoking at home, breastfeeding, presence of elder siblings at home and day care attendance were not captured in this study. Molecular methods, for example, polymerase chain reaction (PCR) were not available and may lead to underdiagnosis, as PCR methods are more sensitive than DFA. Serotyping of RSV method is not available in our hospital laboratory. In view of the retrospective nature of our study and use of less sensitive test to detect respiratory viruses, we may have missed potential coinfection with other viruses.
Conclusion
Infants less than 6 months old with RSV ALRI tend to be afebrile at presentation. Younger age, history of prematurity, underlying chronic comorbidity and thrombocytosis are predictors of severe RSV ALRI among Malaysian children. 
